Retrospective, open-cohort, consecutive case series. Objective: To describe the demographic characteristics, clinical features and outcomes in patients undergoing initial in-patient rehabilitation after an infectious cause of spinal cord myelopathy. Setting: Spinal Rehabilitation Unit, Melbourne, Victoria, Australia. Admissions between 1 January 1995 and 31 December 2010. Methods: The following data were recorded: aetiology of spinal cord infection, risk factors, rehabilitation length of stay (LOS), level of injury (paraplegia vs tetraplegia), complications related to spinal cord damage and discharge destination. The American Spinal Injury Association (ASIA) Impairment Scale (AIS) and functional independence measure (FIM) were assessed at admission and at discharge. Results: Fifty-one patients were admitted (men ¼ 32, 62.7%) with a median age of 65 years (interquartile range (IQR) 52-72, range 22-89). On admission, 37 (73%) had paraplegic level of injury and most patients (n ¼ 46, 90%) had an incomplete grade of spinal damage. Infections were most commonly bacterial (n ¼ 47, 92%); the other causes were viral (n ¼ 3, 6%) and tuberculosis (n ¼ 1, 2%). The median LOS was 106 days . The most common complications were pain (n ¼ 47, 92%), urinary tract infection (n ¼ 27, 53%), spasticity (n ¼ 25, 49%) and pressure ulcer during acute hospital admission (n ¼ 19, 37%). By the time of discharge from rehabilitation, patients typically showed a significant change in their AIS grade of spinal damage (Po0.001). They also showed significant improvement (Po0.001) in their FIM motor score (at admission: median ¼ 27, IQR 20-34; at discharge: median ¼ 66, IQR 41-75). Conclusion: Most patients returned home with a good level of functioning with respect to mobility, bladder and bowel status, and their disability improved significantly.
INTRODUCTION
Infections are a well-established but poorly studied cause of spinal cord myelopathy (SCM). [1] [2] [3] [4] [5] The most common pathogens that cause infections resulting in SCM are bacteria, but Mycobacterium tuberculosis and viruses are also well documented, while fungal and parasitic aetiologies are rare. [1] [2] [3] [4] There are numerous risk factors associated with infections that cause SCM, including intravenous drug abuse, immune suppression (including due to diabetes, HIV infection, malnutrition, renal failure, use of steroids or alcohol), surgical procedures, sepsis and infections, and pulmonary tuberculosis. 2, 4, 5 Because of the insidious onset of clinical symptoms and the nonspecificity of examination findings, there is often a delay in the diagnosis and management of spinal infections that increases their morbidity and mortality. 6, 7 The prevalence of spinal epidural abscess, the most common type of infection that causes SCM in developed countries, is reported to be 2-3 per 10 000 hospital admissions. 3, 4 The prevalence of infections causing SCM among patients admitted to spinal rehabilitation units that care for patients other than those with traumatic spinal cord injury varies widely, from 4% in a previous study of our patients 8 up to 25% in India. 9 However, there are only a few previous reports detailing specifically the functional outcomes following infectious causes of SCM. 10, 11 Limitations of these previous publications include a small sample size, both originating from the USA, and not reporting longer-term outcomes. It is important that long-term functional outcomes following infectious causes of SCM are better understood, from the perspective of patients, their families and health-care providers.
The objective of this project was to describe, in a cohort of consecutive patients undergoing initial in-patient rehabilitation after a recent infectious cause of SCM, a broad range of outcomes. This includes demographic characteristics, clinical features and functional abilities, and a selection of key functional abilities at 1-year post discharge from rehabilitation.
PATIENTS AND METHODS
Setting, study sample and study design
The Spinal Rehabilitation Unit at Caulfield Hospital, Victoria, Australia, is a 12-bed adult in-patient unit. It is located in a public hospital and funded by the State, but patients are referred from both private and public hospitals.
A retrospective chart review was carried out on consecutive admissions over a 16-year period, between 1 January 1995 and 31 December 2010.
The International Classification of Diseases and Related Health Problems, 10th edition, 12 was used to identify potential cases. The files were reviewed to confirm the aetiology and that patients met the inclusion criteria-only those with a new onset of SCM due to an infection were included. Patients were excluded if they were not admitted for their initial admission after the onset of SCM. Patients with a traumatic spinal cord injury who developed an infection as a complication were also excluded.
Collected data
Data on the following variables were recorded: demographic characteristics, aetiology of spinal cord infection, including the type of organism and the specific species if identified, location of infection, risk factors for infection and treatments given for spinal infection (surgery or medications), premorbid accommodation, rehabilitation length of stay (LOS), level of injury (paraplegia vs tetraplegia), common complications related to spinal cord damage, discharge destination and supports. Complications were diagnosed on the basis of clinical assessment and relevant investigations, and recorded if their occurrence necessitated treatment, either pharmacological or other. Pain and spasticity were recorded as complications if they required treatment or interfered with functioning.
Neurological impairment was assessed at admission and discharge using the American Spinal Injury Association (ASIA) Impairment Scale (AIS). 13 The functional independence measure (FIM) is the most widely used measure of disability in rehabilitation. 14 There are motor and cognitive domains, 15 but in patients with SCM (including spinal cord infection) the cognitive subscale has a high ceiling effect and is of limited utility. 16 Therefore, only the motor subscale was recorded within 72 h of admission and discharge. The raw FIM motor subscale scores were also transformed using a Rasch analysis conversion table to facilitate parametric analysis. 17 A range of outcomes were documented at admission and discharge from inpatient rehabilitation and at the routine 12-month (range 12-16 months) postdischarge review. These included the following: mobility (walking unaided, walking X100 m ± gait aid, walking X10 m ± gait aid, wheelchair independent, and wheelchair dependent); faecal continence (faecally incontinent, colostomy, controlled faecal continence using aperients±suppositories, bowel continent without aperients); bladder control (urinary incontinent, reflex voiding þ condom drainage, indwelling urethral or supra-pubic catheter, intermittent self-catheterization, and voiding on sensation); accommodation setting (home alone, home with others, hostel type, nursing home, or other).
Statistical analysis
Analysis was performed using Stata (version 11, Statacorp, TX, USA). Descriptive analysis was performed, including medians and interquartile range (IQR) for variables not normally distributed. The relationship between categorical variables was determined using the w 2 -test, with the Fisher exact correction because of small numbers. The Wilcoxon signed-rank test was used to determine the relationship between ordinal variables (e.g. AIS, mobility) and between the median FIM motor scores on admission and discharge.
P-values o0.05 were deemed statistically significant. We certify that all applicable institutional and governmental regulations concerning the ethical use of human volunteers were followed during the course of this research.
RESULTS
Fifty-one patients with an infectious cause of spinal cord damage were admitted during the study period out of 474 patients with new onset of SCM (11.6%). The median age was 65 years (IQR 52-72, range 22-89) and the majority were men (n ¼ 32, 62.7%). The pathological organism causing infection leading to SCM was most commonly bacterial (n ¼ 47, 92%), with viral infections seen in three patients (6%, HIV in one and herpes simplex myelopathy in two) and M. tuberculosis in one case (2%) ( Table 1 ). The location of the infection-related spinal cord damage was most often associated with epidural abscess (n ¼ 37, 73%), with osteomyelitis in 11 patients (22%), discitis in eight (16%) and myelopathy in four (8%)-multiple sites were present in six patients (four had epidural abscess, osteomyelitis and discitis and two had epidural abscess and discitis).
Most patients (n ¼ 34, 67%) underwent surgery with subsequent prolonged courses of antibiotic treatment, whereas 17 (33%) had only pharmacological treatment. The pattern of onset of neurological symptoms in the acute phase prior to diagnosis of the infection was acute (o1 day) in three cases (6%), subacute (o1 week) in 19 patients (37%), prolonged (41 week) in 17 (35%) and lengthy (41 month) in 10 cases (20%).
The median LOS in rehabilitation was 106 days (IQR 65-135). The demographic and clinical characteristics, aetiology and infection risk factors are shown in Table 2 . Eleven (22%) patients had no risk factors, 27 patients (53%) had one risk factor and 13 (25%) had two or more risk factors. Complications were very common, with only three patients (6%) not having any complication documented during their rehabilitation admission. Multiple complications were common: 15 (29%) patients had two complications and 23 (45%) patients had three or more. No patient had thrombo-embolism (prophylaxis is routine for all at-risk patients-those not ambulating more than 10 m or at less than 3 months post injury) or a pneumonia documented (Table 3) . No patient died during the course of their rehabilitation admission and there were no recorded cases of late complications of infection recurrence or kyphosis, either during rehabilitation or in the subsequent 1-year follow-up period, although about a third of the study sample was lost to follow-up. Most (n ¼ 46; 90%) patients had an incomplete grade of spinal cord damage (AIS grade B, C or D) on admission. There was significant improvement in the AIS grade of injury during the course of the patients' rehabilitation admission (Wilcoxon signed-rank test z ¼ À3.9, Po0.001; Table 4 ). Among patients who were AIS A on admission, 2/5 improved to AIS B. Among patients who were AIS B on admission, 5/10 improved to AIS C and 1/10 to AIS D. There were 10/25 AIS C patients on admission who improved to AIS D, but 1/25 worsened to AIS B.
There was significant improvement in patients' disability during their rehabilitation. The admission motor FIM (raw median ¼ 27, IQR 20-34, range 13-63; Rasch median ¼ 34, IQR ¼ 27-38, range 0-54) increased significantly (raw FIM Wilcoxon signed-rank test Z ¼ 5.9, Po0.001; Rasch FIM Wilcoxon signed-rank test Z ¼ À5.6, Po0.001) by discharge (raw median ¼ 66, IQR 41-75, range 13-87; Rasch median ¼ 56, IQR ¼ 43-62, range 0-77). The median FIM motor change for patients was 26 (IQR ¼ 16-42, range À21-62) and the FIM motor efficiency was a median of 0.29 (IQR ¼ 0.13-0.50).
There was significant improvement in the continence and mobility of patients during their in-patient rehabilitation. Although most patients continued to have ongoing disability at discharge, most returned to a home in the community, but with significantly fewer living alone (Table 5 ). In the 12 months between discharge and subsequent follow-up, there tended to be little change in continence but there were further significant improvements in mobility.
DISCUSSION
We have found that patients with infectious causes of SCM can have significant improvement in their functional abilities during rehabilitation, particularly mobility and continence control, and that improvement can continue for up to a year post discharge for mobility.
Our results were generally in keeping with previous reports in the literature from developed countries on the infectious causes of SCM. These include the following: the increased occurrence in men between 50 and 70 years of age; 4,5,10,11 the range of risk factors, 2,4,5,10 including the common occurrence of multiple risk factors in many patients; 3 the majority of infections are due to bacteria, particularly Staphylococcus Aureus; 2-4,10 most infections result from spinal epidural abscess; most patients having a paraplegic SCM and are more likely to have an incomplete lesion; 5, 10, 11 and prevalence of the main complications. 10 Our findings further reinforce those of others regarding patients typically having a major improvement in their AIS grade. 5 Our findings differ from those previously reported for these patients 10 in a number of important areas. In our sample there were no patients with thrombo-embolism or pneumonia, our FIM scores at discharge tended to be higher, our LOS in rehabilitation was much longer, as too was our proportion of patients discharged home. Some of these differences, however, may be explained by differences in health-care systems, with no limitations on the duration of in-patient rehabilitation in our unit, whereas in the USA 10 limits are imposed on LOS in rehabilitation by managed care.
On comparing our results with other causes of SCM admitted at our unit, it appears that patients with an infectious aetiology tend to be of similar age, have a longer LOS in rehabilitation and have a greater disability on admission but similar disability on discharge. 8, 18, 19 Patients with an infectious aetiology also appear to have some notable differences compared with those with spinal cord infarction. 18 Regarding the pattern of complications, those with an infectious aetiology have a higher prevalence of spasticity and a lower prevalence of pneumonia. Furthermore, they have a much better improvement in their AIS grade, which explains their significant improvement in bladder, bowel and mobility functioning, as shown in Table 5 .
We strongly agree with the recommendation made by other researcher clinicians regarding the management of infections causing SCM that this is a complex area that ideally should include a multidisciplinary team of medical practitioners, including spinal surgeons, infectious disease specialists, radiologists and rehabilitation specialists. 1 We were not able to assess the potential difference in outcomes in patients with a shorter period from onset of symptoms until diagnosis because there were only three patients in our sample with symptom onset over less than 24 h.
The advantage of this study is that it is one of the largest published to date detailing the outcomes for patients with infections causing SCM. It details a significant improvement in the grade of injury that occurred during rehabilitation, which has not been reported previously, and is the largest study that reports longer-term outcomes after rehabilitation, with patient functional status and setting of residence reported at 1 year post discharge.
The generalizability of our findings to other settings is probably limited to other developed countries, as exemplified by the similarity of our findings to many previous studies highlighted above, with the exception of the LOS in rehabilitation.
Limitations of this study include the retrospective study design and relatively small sample size. However, it is important to note that this is one of the largest case series of patients with an infectious aetiology of SCM reported in the literature. It is important to emphasize that our results are probably not generalizable to other settings because the occurrence of infections as a cause of SCM globally varies between countries and regions, most notably, and not unexpectedly, between developed and developing countries. 20 Differences between the aetiological pathogens (i.e. bacterial, viral, or parasitic) would be expected to be greatly influenced by geographical and environmental factors.
There are a number of important implications from this project. There is a need for a better global understanding of the infectious causes of SCM, which includes developed and developing countries, in order to more accurately describe the outcomes, particularly longer term. Ideally, this would be through prospective, multicentre studies.
We believe that studies are also required to explore the opportunities for prevention of infections causing SCM. Paralysis is reported to occur in 4-22% of cases of spinal epidural abscess and about half of the patients are initially misdiagnosed. 3 The range of available health-care resources in the setting where patients reside, including prompt access to radiological imaging, neurosurgery in the case of most bacterial infections and appropriate antibiotic, antiviral or antiparasitic treatments, as indicated, would greatly influence the incidence of infectious causes of SCM as well as outcomes. Given the challenges to the early recognition of infections causing SCM 6, 7 it is possible that cases of infections causing SCM, including TB, 21 could be prevented by appropriate education programmes targeting healthcare providers. National and global programmes are required to address the educational and resource issues that would help reduce the incidence of infections causing SCM.
In conclusion, patients with infectious causes of SCM tend to have significant improvement in their functional abilities during rehabilitation, particularly in mobility and continence control. Studies are required to explore the opportunities for the prevention of infections causing SCM.
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